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ABSTRACT

DASLL standsforDesignAutomationSystem
at LawrenceLivernme and is a systemof
computerprogramsto automaticallylay out
printedcircuitboards. The focushas been on
two-sidedPCB fabricationaids;primarilydrill
tape,documentation,and artworkgeneration
(includingetch,silkscreen,and drillschedule
artwork). Limitedfour-layerPCBS are also
possiblewith the program. DASLLcan be used
in eitherbatch-interactiveor batchmade of
operationby technicians,draftsmen,designers,
or engineers. Flexibilityin beingable to
accommodatea diversityof trimlinegeometries
and componentshapesand placementswas a goal
in the designof the software. The systemis
also very flexiblein its capabilityto deal
with physicaldesignrules. A principal
objectivefor the systemhas been low-volume,
quickturnaroundresponsefor low and medium
densitycustomprintedcircuitboards.

I. INTRODUCTION

The DASLL (OesignAutomationSystemat
LawrenceLivermore)is a systemof programsto
automaticallygeneratethe layoutof printed
circuitboards. The programmingis done
entirelyin the LRLTRANlanguagewhichis an
extendedFORTRANIV in use at LLL. The codes
run on the LivermoreTime SharingNetworkon
ControlData Corporation7600 computersystems
[3]. The goalsin developingthe DASLL system
were to providea softwaresystemaimedat
providinga PCB servicebut flexiblein that
new servicesor applicationscouldbe easily
added.

The motivationfor developingthe system
was basedon the PCB workloadat Livermore.
LLL designs300 to 400 PCBS eachyear. The
designsare customboardsused in prototype
electronicsystemsand generallyonly a few (5
to 20) boardsare producedfor each design.
Reworksare many (frequently5 or more)and
turnaroundtime is almostalwaysvery
important. Many of the PCBS are layedout by
outsidecontractorsand when thisoccursthere
is generallya feelingof “lossof control”by
the designers: communicationbecomesnme
difficult,changesbecomemore difficult,and
schedulesbecomemore unmedictable.

Objectiveswere establishedearlyin the
developmentof the PCB system. Basedon
computeraidedsystemselsewherewe felt
confidentof achievinga higherthroughputper
operatorover traditionalmanualmethods. We
did not aim at handling10D% of all PCB
requirements.Many specialboardsare required
in variousresearchprograms,for examplevery
small,very densecircularPCBS for satellites
or highlylayout-sensitiveboardsoccuringin
picoseconddiagnosticmeasurements.These
specialboardsare done manually. The majority
of the boards(75%or greater)had relatively
modestrequirementson density,layout,
geometry,etc. whichwe wouldtacklewith the
system. We knew that increasedmanufacturing
precisionwouldbe a byproductthus making
certainaspectsof manufacturingeasier(for
exa~le the numericalcontrolleddrilling
operationas comparedto the digitizing
requiredfor manualboards).

An importantaspectof havingan inhouse
designautomationsystemfor supportof R and D
projectsis localcontroland closer
communicationwith the designerwhich is
possible. Changesare easierand faster.

However,developinga designautomation
systemin a R and O environmentgeneratedsome
uniquerequirements.Oesignersare, for the
most part, freeto choosehardwareconfigu-
rations,components,designrules,etc. as they
see fit. Very few layoutstandardsexisted
eitherfor the engineersand designersor for
the fabricationand inspectionsections,
only a conmnonlyagreedupon sort of truceon
what was and what wasn’tacceptable.DA
systemsmust work with a more fixedset of
rules.

OASLLwas designedto be flexible. For
example,new PCB trimlines(outlines)could
easilyand quicklybe enteredin the system.
New componentsand componentoutlinescouldbe
addedto the data base in minutes. Design
rules (conductorwidths,spacingbetween
conductors,feedthroughdiameters,etc.)could
be specifiedand used easily.

The abovefeaturesand the conscientious
use of softwareengineeringpracticein devel-
opingthe systemhas yieldeda very flexible,
maintainable,and extendableDA system.



II. SYSTEMORGANIZATION

Conceptuallythe organizationof the DASLL
PCB layoutsystemis quitesimple. Figure1
reflectstheorganizationin that the inputis
a descriptionof the PC boardtype,components
on the board,and the inter-connectionsto be
made. Afterprocessingby the systemseveral
outputsare available: Reports,checkpoint
drawings,and NC tapesfor machines.
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FIGURE1, DASLLCONCEPTUALLY

The detailsof processingquicklybecome
more complex. Figure2 indicatesa typical
flowthroughthe system. The modules
preprocessor,placement,route,etc. are
separatelyloadedsubsystemswhichare run as
individualprogramsbut whichshareheavilyin
softwaremodules.
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FIGURE2, DASLLPROCESSINGFLOW

The data base and problemdesignfileare
describedin more detailin the restof this
section.

1. Oata Base: The DASLLdata base is
intendedto be the centralrepositoryfor
informationrelatedto designcomponents,
designdescriptionmaterials(PCBoutlines,
silkscreenpatterns),and certainprocessing
functionsof the OA system. The data base
consistsof a collectionof information.and
the structuresand conventionsused to organize
that information.

Insofaras practical,the data base
softwareis intendedto be independentof host
systemhardwareand software. Howeverin a
few modules,specializedfeaturesare used,
but theseroutinescouldeasilybe changed.

One of the most inportantfeaturesrelated
to flexibilityis the self-definingnatureof
the data base contents. Informationdescribing
the name,attributes,and locationof each item
is also storedin the data base file. The
self-descriptivefeatureis implementedby
defininga groupof systemdata packets
specificallyfor that task. All data in the
data base and in the designfileare in strict
characterformat,arrangedas standard
8D-columnhollerithcard images. Each data
packetis formedby one or more card images.
Associatedwith each card imageis a type code
which is definedby a three-charactermnemonic
code in the firstthreecolumnsof eachcard
imageof a packet.

Informationin a datapacketresidesin a
fixedfieldformaton a card imageof the
packet. Skeletondata acketsdefine(in

Ypositionsensitiveform the startingcolumn,
the totalcharactercount,the data type,and
otherflagsfor each fieldin all otherdata
packettypes. The packettype and field
informationis used to accessdata from a
programat run time and to specifyfieldsto
be alteredin a data base update. Formatsare
generatedto allowsystem1/0 betweenthe data
base and designfile.

A hierarchicaldata base structureis
used. Each majorapplicationof the data base
uses a sectionof the filewhichhas a name
and a levelnumbertwo. Withineach levelare
fwnd subcollectionsof informationeach having
a levelname and a levelnumberone greater
than the containinglevel. For example,at
one accesstimethe OASLLDBlevelstructure
could look like:

1.

2

1+2.SYSTYPE 1+3.FRU4PTS
1+2.SYSDEFN I-+3.BDARD
1+2.SYSDDC I-+3.oEvIcET’fPE

DBSYSDATA+I+2 .USERS 1+3.PACKAGES
I-*2.RDUTELIB+ 1+3.WIRULES

I-*3.CDNWCT

.



Withineach leveldefinition,one might
findpacketsof informationand/ordefinitions
of subsidarylevels.

2. DesignFile: The problemdesignfile
providesthe communicationof problemspecific
data amongthe subsystems.Each DASLL subsystem
has an associatedloaderroutinewhichmust
accessthe designfile and loadtablesfrom it
in a formatused by the subsystem. The
rationalefor separatingthe loaderfromthe
body of the subsystemis that the many different
subsystemseach performparticularfunctions
(e.g.routingor evaluation),all havingcommon
data needsbut all not needingall of the data
fromthe designfile. Each subsystemis
writtento conformto a commondesignfile,
forcinginformalconsistencyof the system.

All data in the designfile are in strict
characterformat,arrangedin standard8D-column
hollerithcard imagesjust as in the data base.
The recordsare collectedby type of information
with each data packetin a fixedfieldformat.
Beginningeach data type is a templaterecord
whichdefinesthe formatfor the following
recordgroup. Thesetemplatesare definedin
the data base.

Each DASLL subsystemprocessing adds to
(or modifies)the problemdesignfileuntilthe
entireprocessingsequenceis conpleted. Design
filesfor a particularlayoutare archived.

3. Communication:Thereare a largerwnber
of DASLL servicesavailable. To invokethese
servicesa set of processingcommandsare used.
Commandsmay be used in eitherbatchor inter-
activemode. In both modes,the conmnandsare
executedin the orderpresented.

Thereare fourcategoriesof commands
available,they are:

GeneralSystemComnands,
Input-OutputCommands,
ProcessingCommands,and
DatabaseMaintenanceCommands.

The processingcommands,for example,include
commandsfor revision,optimization,evaluation,
and routingsubsystems.

Under controlof the DASLL supervisor,the
user might,for exampleinputdata for a PCB
layout. The inputprocessorwouldextractthe
appropriateinformationfromthe database and,
with the appropriatecommand,write information
into a problemdesignfile. This information
is passedto the routersubsystemby a command,
againprocessedby the supervisor,by
instructingthe routerdata loaderroutineto
read from the designfile. Figure3 illustrates
this flowof information.The inputProcessor
and the routerare two DASLLsubsystems.

US R

INPUT
PROCESSOR

?’,$

ROUTER

DATA DF .
BASE

: .. .

LOADER

FIGURE3, DASLLDATATRANSFER/
COMMUNICATIONFLOW

Internally,DASLL is controlledby a
process,procedure,and sequence. A non-
texturalcomnandexistsfor settingthesethree
controls.‘Theuse of this commandis usefulin
developingnew featurespriorto installinga
texturalcommand. An exa~le of
a texturalcmnmandis:

LIST COMMANDS

which listsall the availableconnnands.

Thereare provisionsin the DASLL
supervisorsystemfor 12 messagelevelcontrol
variables. These variablescontrolthe amount
and contentsof one lineprocesstrace
messages. Each variableinfluencesthe
messagesproducedby a particularroutine. It
is the responsibilityof each moduledesigner
to utilizethe traceand conditionaldump
variables(also12 in number)to producetrace
and debugcapabilities.The inclusionof
controlvariablesin corrconspecificallyfor
producingone linemessageshas been found
usefulfor moduletestingand system
integrationtesting. Concentratingthe
input-outputto one levelhas also been useful
for reducingsystemroutinesand thereby
reducingoverallsize.

III.SYSTEMFEATURES

The DASLLPCB layoutsystemoffersseveral
capabilities.In the followinga few features
of each subsystemwill be highlighted.

1. InputProcessor: Each PC boardlayout
problemprocessedby DASLLhas six major
sections: 1) boardidentification,2) board
type,3) locationof components,4) a listof
signalsconnectedto each componentpin (signal
pin list),5) guidelinesfor layout(wire
rules),and 6) designfile formatinput.
Althoughspecialinputcodingformshave been
designed,the inputis fieldfreeand extensive
errorcheckingis performed. Initialplacement
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of componentsis specifiedin the inputand
constraintson the mobilityof the components
can be specified: A componentcan be fixedin
placementor restrictedto a givenX coordinate
or a givenY coordinate.Componentsmay also
be givenan affinityto each otherwhichmeans
that all membersof a givenclassmust be
placedcloseto each other.

Althoughthe preprocessordoes extensive
checkingof the input,processingdoescontinue
in an effortto uncoveras many errorsas
possiblethat may have been made in the input.
The “troublereport”out of the preprocessor
will indicatecomponentoverlaps,misspelled
deviceor signalset names,inproperdevice
callouts,redundantdevicedesignations,and
missingsignalconnections.Checkpoint
drawingsshowingthe placementof components
and a “rubber-band”modelof all the
connectionsspecifiedin the inputis alsoan
output.

2. Placement: Althougha subsystemof the
DASLL system,the placementprogramhas not
been fullyintegratedintoproductionuse.
The placementprogramis basedon the use of
unconnectedsets or moduleshavingno common
signalsets. Randominitialplacementis used
as the startingpoint for each iterative
improvementcycleutilizinga choiceof an
unconnectedset. The placementalqorithmhas
not been fullyevaluated.

3. Routers: Threeroutersubsystemsexist
with the DASLLsystem. Thereare severalways
the routingprocesscan be viewedbut for
serialroutersthreemajorpartscan be
addressed:

1) Signalset decomposition,
2) Wire layout,and,
3) Clean-up.

Signalset decompositioncan be further
dividedinto two processes: 1) From-to
generation,and 2) from-toordering. All
routersin the DASLL systemuse the same signal
set decomposition;namelya minimumspanning
tree signalset algorithmfollowedby a
shortest-firstorderingmethod. We have
investigatedotherorderingmethodsand
currentlyuse a strategywhichroutescolinear
X and colinearY fron+tosbeforethe ordered
from-to-list.

The threebasicroutertechniqueswhich
have been implementedat Livermoreare:

1) A channelrouter,
2) A line-proberouter,and,
3) A maze-runnerrouter.

We have doneextensivestudiesof router
evaluation[4, 51. Nestrecentlywe havebeen
usingthe rectangle-proberouterwith good

success. Typicallywe have been achieving98
to 100%completionratesfor boarddensities
of 1.1 squareinchesper equivalentintegrated
circuitand lessdense. For densitiesfrom .5
to 1..1we generallyachieve88 to 98% routinq
completion.

Becauseof the commondesignfile,we can
followone routerwith another. For densePCBS
we have followedthe rectangle-proberouter
with a slowerLee routerbeforeeditingthe
layout. Normallyour productionsequencehas
used the proberouteronly.

4. Revision: Usually,unlessthe PCB is
uncontested,automaticroutingresultsin less
than 100% routing. Three systemsare available
to edit revisedboardsunderthe DASLL system.
When thereare only a few changes,then working
fromthe reportsand checkpointdrawingsusing
revisioncommandsis an effectiveand a fast
method. When thereare many urrnadesto be
completed,then a digitizersimplifiesthe task
of recordingX-Y locationsfor revisions,
additions,“anddeletions. A thirdmethodfor
editingthe layoutconsistsof usingan
autotrolinteractivegraphicssystemby
transferringfilesto and fromthe autotrol
system. This thirdmethodis not fully
operational.

The revisionsubsystemreadsin the design
file and operateson the data structure
representingthe connectionsegmentrectangles
by addingsegmentsor deletingsegmentsfor a
givensignalset or particularX-Y coordinate.
On exit fromthe systemthe designfileportion
representingthesesegmentsis updatedto
reflectall changes.

5. Optimizerand CornerCutter: Several
reasonsexistfor havinga routecleanupphase:

1) Removeundesiredconductor
configurations,

2) Reclaimboardsurfacefor futher
routeratten@s,

3) Reduceproductioncosts,and

4) Producebetterlookingboards.

The OASLLoptimizerattemptsto improve
previouslydefinedconnectionpathsby
eliminatingunnecessaryvias and adjustingthe
routing. A segmentcenterline modelis
constructedfor all the connectionsand
attemptsare made to add additionalsegments
to createaugmentedpaths. The augmented
routesare evaluatedon parameterizedfunctions
and a minimumspanningtree algorithmis used
to selectpaths. Figure4 illustratessomeof
the typicalcleanupsituationsthat the
subsystemdealswith effectively[6].
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FIGURE4, TYPICALCLEANUPSITUATIONS

The cornercutteris almosta post
processingphase of operatingon the board
1ayout. All rightangleconnectionpaths are
“diagonlized”wherepossible. A boardmodel
very similiarto the optimizermodel is
constructed.The net resultis a finallayout
which is not only suitablefor productionbut
more aesthetic. Figure5 showsa portionof a
PCB aftercornercutting.

FIGURE5. PCB LAYOUTAFTER

CORNERCUTTING

6. Evaluator: The routingevaluatoris an
importantconponentin the layoutsystemin
that it providesa means for analyzingthe
resultsproducedby a routerprogramand the
effectsof revisionand optimizationto see if
the solutionis valid [7]. The evaluator,
usingthe systemsupportroutines,loadsa
descriptionof the boardand the layout. Next
the evaluatoraccessesthe data structureto
ascertain:

1) The routebarriersand board
enviromnent,

b) The linksof conductingfoiland
feed-throughviasproducedby the
routerto make thoseconnections.

When completed,the evaluatorreturnsthe
valuesof threequalitymeasuresfor the routed
solution. The firstis a routequality
indicatorwhichmeasuresitemsliketotalpath
lenghtcomparedto a hvpothethicalideal,the
numberof feed-throughvias,and the imbalance
of foil areabetweenboard layers. The second
is an electricalqualityindicatorwhich
reflectsthe numberof poor qualityconnections
detected. The thirdmeasureis a countof the
numberof occurancesof eventswhichmake the
solutioninvalidand the numberof links
necessaryto connectthe incompleteroutes.

7. ArtworkGenerator: There are currently
fourproductionoutputsof the DAS!_Llayout
system:

1) Precision(1:1)filmof the PCB etch
artwork,

2) Precision(1:1)filmof the
silkscreenand drillschedule
drawings,

3) PunchedpapertaDes for controlling
the NC drills,and

4) Severalreportsincludinga parts
list,drillsize and locations,and
electricalconnectioninformation.

IV. EXAMPLESAF43PERFORMANCECAPABILITIES

Basedon over 75 printedcircuitboards
processed,the layoutsystemcan typically
providea turnaroundin a productionuse of
from four to sevendays. In a few special
cases a layouthas gone from inputto artwork
in only one day.

Databasecontentsinclude11 PCB
trimlines,over 130 componentpackageoutlines
and almost1000devicetypes.

As indicatedearlier,the systemrouters
deal effectivelywith boarddensitiesof about
one squareinchper integratedcircuit. More
denseand the revisionstagegets difficult
withoutan interactivegraphicsmethodof
handlingunmadeconnections.

The designssubmittedto the DASLL system
has been very mixedand varied. Figures6 and
7 are superimposed(layer1 and 2) etch artwork
for a very simplelayoutof a type whichoccurs
quitefrequently(Fig.6) and a mediumdensity
whichalso occursoften (Fig.7).

2) And for each distinctsignalset:
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FIGURE 7, OASLL AUGAT

PCB (7”X 7“)LAYOUT

The develctmnt of the LLL KS IaymJt
system has led us to balieve that cost-effective
computer-based layout methods can be a realtiy.
The successful nwe from development of a system
to the production use of the system has several
prerequisites. For exarrQle a minim set of
retirements for smcessful implementation are:

1) Irput logging, review, selection, and
assigrwnent of all PCB jobs with a
tightly controlled selection and
assigrfrent of those for automated
processing,

2) Trained, capable, ard motivated
merators,

3) Close coordination afrmung requester,
t inspection, fabrication, and operator,

and

4) Management cumnitment and support.

We have develc$ed a nunber of forms to aid
in the preparation, processing, ard control of PC
boards. These forms greatly help in 1) above.
We have written training amd user maruals [1, 2]
for assista~e with 2) above.

In berdmark evaluations it has appeared
that an approximately SON savings in time can be
achieved by using automated layout process.

Work performed under the auspices o? the U. S.
Department of Energy by the Lawrence Livermore
Laboratory under contract number W-7405-ENG-d8.
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